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57 ABSTRACT

The servosystem includes adjusting means (1) for changing
the position of mechanical element (3), a first transducer (5)
for forming an adjusting voltage which 1s a measure of a
desired position of the element, a second transducer (15) for
forming a response voltage which 1s a measure of the actual
position of the element, and detection means (13) for form-
ing an error signal (If) which is a measure of a difference
between the response voltage and the adjusting voltage. The
detection means (13) have a first and a second input (11, 21)
which are connected to the first transducer and the second
transducer, respectively, and an output (23) which 1s con-
nected to an input (27) of control means (29) for generating,
in dependence on the value of the error signal, a control
signal (Vcl, Vc2), for controlling the adjusting means. A
compensation resistor (31) is inserted in the connection lead
(9) between, for example the first transducer (5) and the
input (11) of the detection means (13) connected thereto.
The detection means (13) conduct a compensation current
through the compensation resistor (31), which compensation
current causes a voltage drop across the compensation
resistor which 1s equal to the difference between the
response voltage and the adjusting voltage, and form the
error signal (If) so that its value 1s proportional to the value
of the compensation current. Consequently, no control signal
is applied to the adjusting means (1) if said connection (9)
1s 1nterrupted.

4 Claims, 2 Drawing Sheets
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1
SERVOSYSTEM

BACKGROUND OF THE INVENTION

The invention relates to a servosystem, including adjust-
ing means for changing the position of a mechanical
clement, a first transducer for forming an adjusting voltage
which 1s a measure of a desired position of the element, a
second transducer for forming a response voltage which 1s a
measure of the actual position of the element, and detection
means for forming an error signal which 1s a measure of a
difference between the response voltage and the adjusting
voltage, which detection means have a first and a second
input which are connected to the first and the second
transducer, respectively, and an output which is connected to
an 1nput of control means for generating, in dependence on
the value of the error signal, a control signal for controlling
the adjusting means.

A servosystem of this kind, in which the adjusting means
are formed by a motor, 1s known from the abstract in English
of JP-A-5-333 901. Systems of this kind are used to adjust
the mechanical element to a desired position which 1is
adjusted, for example manually by means of the first trans-
ducer. The first and second transducers may include, for
example first and second potentiometers, the first potenti-
ometer being adjustable by way of a rotary knob while the
second potentiometer 1s coupled to the mechanical element
so that the setting of the second potentiometer changes when
the position of the element changes. In systems of this kind
a given distance inherently exists between the first and the
second transducer and the detection means, so that com-
paratively long electrical leads are required for interconnec-
tion of these parts. A break 1n one of these leads could cause
an uncontrolled and usually undesirable change of position
of the mechanical element. In the known servosystem,
therefore, steps are taken to ensure that in the case of a break
in the lead between the second transducer and the detection
means a simulated response voltage 1s applied to the second
input of the detection means. To this end, the adjusting
voltage from the first transducer 1s inverted and applied as an
auxiliary voltage, via a resistor, to the second input of the
detection means. The value of said resistor 1s so high that
when the connection between the second transducer and the
second 1nput 1s 1n order, the auxiliary voltage does not
influence the detection means. If said connection 1s
interrupted, the auxiliary voltage 1s applied to the second
input of the detection means 1nstead of the response voltage,
so that the error signal has the value zero. In that case the
motor will not be activated. This wire breakage protection 1s
based on the assumption that the first transducer 1s fully
operational. Therefore, this method i1s suitable only for
counteracting the adverse effects of a wire break in the
connection between the second transducer and the second
input of the detection means.

A feasible application of a servosystem of the kind set
forth 1s, for example adjustment of the position of the
headlights of a vehicle. Using this system, the light beam 1s
directed so that the light lands on the road at a desired
distance from the vehicle. In such an application the first
transducer may be situated near the instrument panel of the
vehicle and the other parts of the system preferably near the
headlights. Another possibility consists 1n that, for example
the first transducer includes one or more sensors which
measure the position of the vehicle relative to the road, and
an electronic circuit which forms the adjusting voltage from
the data supplied by the sensors. The sensors may be
arranged, for example to measure the height of the vehicle
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relative to the road near the front and rear axes. The
electronic circuit may include, for example a microproces-
sor. Generally speaking, 1n such cases a comparatively long
and vulnerable connection lead 1s required between the first
transducer and the detection means or between various parts
of the first transducer (in said example between the sensors
and the electronic circuit), so that the risk of wire breakage
in this lead 1s comparatively high. Therefore, the known
servosystem 1s not very well suitable for applications of this

kind.
SUMMARY OF THE INVENTION

It 1s an object of the mnvention to provide a servosystem
of the kind set forth which can be protected, as desired,
against wire breakage 1n the connection between the first or
the second transducer (or a part thereof) and the relevant
input of the detection means. To this end, the servosystem
according to the mvention 1s characterized in that between
one of the first and second transducers on the one side and
the mput of the detection means which 1s connected to the
relevant transducer on the other side there i1s connected a
compensation resistor, and that the detection means are
arranged to conduct a compensation current through the
compensation resistor, said compensation current having
such a value that 1t causes a voltage drop across the
compensation resistor which 1s substantially equal to the
difference between the response voltage and the adjusting
voltage, and are also arranged to form the error signal in
such a manner that the value of the error signal 1s propor-
tional to the value of the compensation current. If the
connection 1n which the compensation resistor i1s included,
or a connection within the relevant transducer, exhibits an
interruption, the compensation current equals zero and
hence the error signal 1s also zero. The adjusting means will
not be activated 1n that case. Should wire breakage occur 1n
the activated state of the adjusting means, the control signal
will be interrupted immediately, so that the mechanical
clement remains 1n the position occupied at that instant. The
compensation resistor can be mncluded 1n the most vulner-
able connection between one of the transducers and the
detection means. Generally speaking, this will be the con-
nection to the transducer situated furthest from the detection
means. In the above example 1nvolving the adjustment of
headlights, therefore, this will be the connection to the first
transducer which 1s situated on the instrument panel or
includes parts which are spaced far apart.

As stated above, the compensation current causes a volt-
age drop across the compensation resistor which 1s equal to
the difference between the response voltage and the adjust-
ing voltage. For a given value of this difference, therefore,
the compensation current 1s dependent on the value of the
compensation resistor. The relation between the compensa-
tion current (and the error signal proportional thereto) on the
one hand and said difference on the other hand can thus be
defined by a suitable choice of the compensation resistor.
This offers the designer an additional degree of freedom
which represents an additional advantage of the invention,
notably 1f the detection means themselves are constructed as
an integrated circuit (IC).

An embodiment of the servosystem according to the
invention 1s characterized in that the control means mclude
a window comparator which i1s arranged to compare the
error signal with a first and a second reference signal, the
absolute value of the first reference signal being smaller than
that of the second reference signal, to make the control
signal available 1f the absolute value of the error signal
increases beyond the absolute value of the second reference
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signal, and to mterrupt the control signal if the absolute
value of the error signal becomes equal to or drops below the
absolute value of the first reference signal. This embodiment
1s particularly suitable for applications in which the
mechanical element need not be very accurately adjusted to
a predetermined position, but must be positioned within
predetermined limits as 1s the case, for example for said
adjustment of headlights. The absolute value of the first
reference signal 1s preferably chosen to be larger than zero,
so that 1t 1s absolutely certain that no control signal will be
generated 1n the case of an error signal equal to zero.

An embodiment of the servosystem according to the
invention 1s characterized i1n that the detection means
include a differential stage with a current source connected
in series with a parallel connection of a first and a second
chain which include a main current path of a first and a
second 1nput transistor, respectively, a control electrode of
the first input transistor being connected to the first mput of
the detection means and a control electrode of the second
input transistor being connected to the second input of the
detection means, and that the detection means also include
means for forming a first and a second current which are
proportional to the difference between the currents in the
first and the second chain 1n order to apply the first current
as a compensation current to the first or the second mnput of
the detection means and to apply the second current as an
error signal to the output of the detection means. In this
embodiment the circuit of the detection means can be
comparatively simply implemented as an integrated circuit.

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 shows a block diagram of an embodiment of a
servosystem according to the invention,

FIG. 2 shows a more detailed diagram of a first part of the
system shown m FIG. 1, and

FIGS. 3A and 3B show a more detailed diagram of a
second part of the system shown 1n FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The servosystem shown in FIG. 1 can be used, for
example for adjusting the position of the headlights of a
vehicle. It includes adjusting means 1 1n the form of an
clectric motor and mechanical elements 3, being the head-
lights 1n the present case, which can be adjusted by means
of the motor. On the instrument panel of the vehicle there 1s
provided a first potentiometer § which constitutes a first
transducer. The first potentiometer S 1s connected on the one
side to the positive pole of the battery of the vehicle and on
the other side to a ground terminal which 1s connected to the
negative pole of the battery. As a result, the battery voltage
Vb 1s present across the first potentiometer 5. The wiper 7 of
the first potentiometer 5 can be displaced by means of a knob
(not shown) on the instrument panel. An adjusting voltage
which 1s dependent on the position of the knob can be
derived from the wiper 7, said adjusting voltage being a
measure of a desired position of the headlights. This adjust-
ing voltage 1s applied, via a first lead 9, to a first input 11 of
detection means 13 which will be described i1n detail here-
inafter.

A second transducer 1s formed by a second potentiometer
15 which 1s also connected between the positive pole of the
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battery and the ground terminal. The second potentiometer
15 also 1includes a wiper 17 which, however, 1s mechanically
coupled to the headlights so that the wiper 17 can deliver a
response voltage which 1s a measure of the actual position of
the headlights. The wiper 17 of the second potentiometer 15
1s connected, via a second lead 19, to a second 1nput 21 of
the detection means 13. The detection means 13 are arranged
to form an error signal which 1s a measure of the difference
between the response voltage and the adjusting voltage. The
error signal 1s available on an output 23 of the detection
means 13 which 1s connected, via a third lead 25, to an input
27 of control means 29 which are arranged to generate a
control signal for controlling the motor 1. The control means
29 will also be described 1n detail hereinafter.

In the first lead 9 there 1s inserted a compensation resistor
31 and the detection means 13 are arranged to generate a
compensation current which 1s conducted through the com-
pensation resistor via the first mnput 11. The compensation
current has a value such that across the compensation
resistor 31 it causes a voltage drop which 1s substantially
equal to the difference between the response voltage and the
control voltage. This means that the sum of the control
voltage and the voltage across the compensation resistor 31
(i.c. the voltage on the first input 11) equals the response
voltage present on the second input 21. The detection means
thus tend to make the voltage difference between the first
mput 11 and the second mnput 21 equal to zero. The error
signal on the output 23 1s proportional to the value of the

compensation current.

FIG. 2 shows a more detalled diagram of an embodiment
of the detection means 13. The detection means 13 include
a differential stage which 1s formed by a current source 33
which 1s arranged to supply a current I1. The current source
33 1s connected 1n series with a parallel connection of a first
chain 35 and a second chain 37. The first chain 35 includes
the main current path of a first input transistor 39 and the
second chain 37 includes the main current path of a second
input transistor 41. In the present example, the first and
second input transistors 39, 41 are bipolar transistors, like
the other transistors used in the detection means (described
hereinafter). Evidently, these transistors can be replaced by
other types, for example MOSFETs. In the present example,
the main current path extends from the collector to the
emitter of the two 1nput transistors 39, 41 and the base serves
as the control electrode. The base of the first input transistor
39 1s connected to the first input 11 of the detection means
13 and the base of the second 1nput transistor 41 1s connected
to the second 1nput 21. The first chain 35 also includes a
transistor 43 which forms a first current mirror 1n conjunc-
tion with a transistor 45 and, analogously, the second chain
includes a transistor 47 which constitutes a second current
mirror 1n conjunction with a transistor 49. A transistor 51,
constituting a third current mirror in conjunction with a
transistor 53, 1s connected 1n series with the transistor 485.
The circuit 1s fed by a supply voltage V, present between a
supply connection 55 and ground. As 1s known, the currents
in the two transistors which together constitute a current
mirror relate as the magnitudes of the emitter surfaces of
said transistors. The current 1n, for example, the transistor 45
1s, therefore, proportional to the current 1n the transistors 43
and 39, the proportionality factor being determined by the
ratio of the emitter surfaces of the transistors 45 and 43. In
the simplest case the emitter surfaces of the two transistors
of each current mirror are equal, so that said proportionality
factor equals 1. If desired, another proportionality factor
may be chosen.

The current I1 1s distributed between the first and the
second chain 35, 37 1 dependence on the voltages on the
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first and second mputs 11, 21. The difference between the
currents in the first chain 35 and the second chain 37 1s fed
back to the first input 11 by means of the first current mirror
43, 45, the third current mirror 51, S3 and the second current
mirror 47, 49. This difference current constitutes the com-
pensation current traversing the compensation resistor 31
(see FIG. 1). The compensation current causes a voltage
drop across the compensation resistor 31 which compensates
the difference between the adjusting voltage (on the wiper 7
of the first potentiometer 5) and the response voltage (on the
wiper 17 of the second potentiometer 15), so that the
voltages on the first and the second mnput 11, 21 remain
equal. The compensation current value required for this
purpose 1s dependent on the value of the compensation
resistor 31. A current If which 1s proportional to the com-
pensation current can then be used as the error signal for
further signal processing. In the simplest case the value of
the error signal If equals that of the compensation current. To
this end, a 1:1 copy 1s made of the compensation current,
using two output transistors 57 and 59 which copy the
current 1n the second current mirror 47, 49 and that 1n the
third current mirror 51, 53, respectively, and are connected
in series. The junction of the output transistors 57, 59 is
connected to the output 23 of the detection means 13.

FIGS. 3A and 3B show an embodiment of the control
means 29 of the servosystem shown 1n FIG. 1. The control
means 1n this embodiment include a window comparator
which 1s arranged to compare the error signal formed by the
detection means 13 with a first and a second reference
signal. The circuit shown comprises two parts which are
shown separately 1n the FIGS. 3A and 3B for the sake of
clarity but are actually constructed as one unit, for example
as an integrated circuit (IC). The circuit includes a supply
terminal 61 and a ground terminal 63 wherebetween a
supply voltage V, can be applied. A first reference voltage
Vb2 can be applied via a first reference voltage terminal 65
and a second reference voltage Vb4 can be applied via a
second reference voltage terminal 67. The reference 27
denotes the input already mentioned with reference to FIG.
1. This 1nput 1s connected to the output 23 of the detection
means 13 and hence receives the error signal If. The circuit
also 1ncludes first and second output terminals 69 and 71 on
which the control signal for the motor 1 1s available. In the
present embodiment the control signal may consist of a first
control voltage Vcl for making the motor 1 rotate in one
direction or of a second control voltage Vc2 for driving the
motor 1n the other direction. Either the first control voltage
Vcl is then available on the first output terminal 69 or the

second control voltage Vc2 on the second output terminal
71.

FIG. 3B shows a part of the circuit which serves to
generate a reference current Iw. This part includes a current
source 73 which forms part of a comparison stage which
includes, connected 1n a first branch, transistors T11 and T12
whose control electrodes (base terminals) are connected to
the first output terminal 69 and the second output terminal
71, respectively, and, connected 1n a second branch, a
transistor 113 whose control electrode 1s connected to the
first reference voltage terminal 65. The first branch 1is
connected 1n series with a transistor T8 which constitutes a
current mirror 1n conjunction with a transistor 17, and the
second branch 1s connected in series with a transistor T9
which constitutes a current mirror 1n conjunction with a
transistor 1T10. Each of the transistors T7, T10 1s connected
to the ground terminal 63 via a transistor T14 which 1s
connected as a diode.

If Vcl or Vc2 1s higher than the first reference voltage
Vb2, only the first branch i1s conductive and hence the
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current Iw through the transistor T14 1s equal to the collector
current of T7. If Vcl as well as Vc2 1s lower than Vb2, only
the second branch 1s conductive and hence Iw 1s equal to the
collector current of T10. If the first branch 1s conductive, the
current through T8 equals the current Ib of the current source
73. The current through the collector of T7 then equals Ib
times the ratio of the emitter surfaces of T7 and TS.
Analogously, if the second branch 1s conductive, the current
through the collector of T10 equals Ib times the ratio of the
emitter surfaces of T10 and T9. Thus, the relation between
Iw and Ib can be defined by a suitable choice of said ratios
of the emitter surfaces.

FIG. 3A shows a part of the circuit which serves to
compare the error signal If with the reference current Iw
formed 1n the part shown 1n FIG. 3B. This part of the circuit
comprises a first section (in the upper half of FIG. 3B) and
a second section (in the lower half) which are mirror-
symmeftrical. Each of the two sections includes a transistor,
13, T4, respectively, whose emitter 1s connected to the mnput
27 and whose base 1s connected to the second reference
voltage terminal 67. The collector of these transistors 1s
connected to a transistor T1, T35, respectively, which con-
stitutes a current mirror 1n conjunction with a transistor T2,
16, respectively. The collectors of the transistors T2 and Té6

are connected to the part of the circuit which 1s shown 1n
FIG. 3B and forms the reference current Iw. The first section

of the circuit also 1ncludes a first comparator 75, a positive
mnput of which 1s connected to the collector of T2, and the
second section includes a second comparator 77 whose
negative mput 1s connected to the collector of T6. The
negative mput of the first comparator 75 and the positive
mput of the second comparator 77 are connected to the
second reference terminal 67. All transistors in the present
embodiment are bipolar transistors, corresponding transis-
tors 1n the first and the second section of the part of the
circuit shown 1n FIG. 3A being of opposite polarity. Another
implementation, for example utilizing MOS transistors, 1s
also feasible.

The operation of the part of the circuit shown 1n FIG. 3A
1s as follows: 1f the error signal If equals zero, the collector
current of T2 and T6 1s also zero. As a result, the first
comparator 75 carries a voltage zero on its positive input and
its negative mput carries a voltage Vb4 which 1s greater than
zero. The output voltage, constituting the first control volt-
age Vcl, 1s then low (<Vb2). The second comparator 77
carries the voltage Vb4 (>0) on its positive input and the
voltage Vb (>Vb4) on its negative input. Therefore, the
second control voltage Vc2 1s also low.

If the error signal If 1s positive, If 1s mirrored to the
collector of T6 via T4 and TS. As soon as If becomes greater
than the Iw prevailing at that instant, the voltage on the
negative mput of the second comparator 77 will decrease
significantly and become smaller than Vb4. As a result, the
second control voltage Vc2 will become high (>Vb2). As a
first consequence thereof, the first branch (1.e. T12) in the
part of the circuit shown 1n FIG. 3B will become conductive
and hence Iw will be changed (reduced). As a second
consequence, the motor 1 will start to rotate such that, via
the control system described with reference to FIGS. 1 and
2, the value of If 1s reduced until If becomes smaller than the
new value of Iw. At that instant the negative 1nput of the
second comparator 77 becomes high again (>Vb4) and the
comparator returns to its original state 1n which the second
control voltage Vc2 1s low, so that the motor 1 stops. If If 1s
smaller than zero, a similar consideration holds for the first
section of the part of the circuit which 1s shown in FIG. 3A,
the signal path then extending via T3, T1, T2 and the first
comparator 73.
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It appears from the foregoing that the direction of rotation
of the motor 1 1s determined from the polarity of the error
signal (the direction of the current If) by means of T3 and
T4. Therefore, 1t can never occur that the first control voltage
Vcl and the second control voltage Vc2 are simultaneously

present. Consequently, the control signal equals Vcl or V2
Or Zero.

As appears from the foregoing description of the opera-
tion of the circuit, Iw can assume two values which consti-
tute a first reference signal and a second reference signal,
respectively, with which the error signal If 1s compared.
Because this comparison takes place, 1n dependence on the
direction of If, in the first or in the second section of FIG.
3A, the absolute value of If 1s always compared with the
absolute value of Iw. The current Ib, being co-decisive 1n
respect of the two values of Iw, 1s related to the supply
voltage V. Consequently, the overall system has a hyster-
es1s window which 1s a percentage of the supply voltage. For
example, 1f the emitter surface of TY 1s chosen to be equal
to that of T10, Iw equals Ib 1f the motor 1 does not rotate.
If the emitter surface of T8 1s chosen to be four times larger
than that of T7, Iw equals one quarter of Ib if the motor
rotates 1n one of the two feasible directions. Consequently,
the size of the window can be readily chosen by way of a
suitable choice of the ratios of said emitter surfaces.
Preferably, the lowest absolute value of Iw 1s chosen to be
larger than zero 1n order to make absolutely certain that the
motor 1 will not rotate 1f If equals zero, for example due to
wire breakage 1n the lead 9 between the first potentiometer
S and the first input 11 of the detection means 13 (FIG. 1).
If the lowest value of Iw 1s chosen to be equal to zero, for
example, interference voltages occurring i the system
could, at least m theory, cause the formation of a control
voltage Vcl or Vc2.

We claim:

1. A servosystem, including adjusting means (1) for
changing the position of a mechanical element (3), a first
transducer (8) for forming an adjusting voltage which is a
measure of a desired position of the element, a second
transducer (15) for forming a response voltage which is a
measure, of the actual position of the element, and detection
means (13) for forming an error signal (If) which is a
measure of a difference between the response voltage and
the adjusting voltage, which detection means have a first and
a second input (11, 21) which are connected to the first and
the second transducer, respectively, and an output (23)
which is connected to an input (27) of control means (29) for
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generating, 1n dependence on the value of the error signal, a
control signal (Vcl, Vc2) for controlling the adjusting
means, characterized 1n that between one of the first and
second transducers (8, 15) on the one side and the input (11,
21) of the detection means (13) which 1s connected to the
relevant transducer on the other side there 1s connected a
compensation resistor (31), and that the detection means are
arranged to conduct a compensation current through the
compensation resistor, said compensation current having
such a value such that 1t causes a voltage drop across the
compensation resistor which 1s substantially equal to the
difference between the response voltage and the adjusting
voltage, and are also arranged to form the error signal (If) in
such a manner that the value of the error signal 1s propor-
tional to the value of the compensation current.

2. A servosystem as claimed 1n claim 1, characterized 1n
that the control means (29) include a window comparator
which is arranged to compare the error signal (If) with a first
and a second reference signal (Iw), the absolute value of the
first reference signal being smaller than that of the second
reference signal, to make the control signal (Vcl, Vc2)
available if the absolute value of the error signal increases
beyond the absolute value of the second reference signal,
and to interrupt the control signal if the absolute value of the
error signal becomes equal to or drops below the absolute
value of the first reference signal.

3. A servosystem as claimed 1n claim 2, characterized 1n
that the absolute value of the first reference signal (Iw) is
larger than zero.

4. A servosystem as claimed 1n claim 1, characterized 1n
that the detection means (13) include a differential stage with
a current source (33) connected in series with a parallel
connection of a first and a second chain which mclude a
main current path of a first and a second input transistor (39,
41), respectively, a control electrode of the first input tran-
sistor being connected to the first input (11) of the detection
means and a control electrode of the second input transistor
being connected to the second input (21) of the detection
means, and that the detection means also include means for
forming a first and a second current which are proportional
to the difference between the currents in the first and the
second chain 1n order to apply the first current as a com-
pensation current to the first or the second mput of the
detection means and to apply the second current as the error
signal (If) to the output of the detection means.
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